Abstract-This research was carried out to investigate the effect of dietary zinc oxide nanoparticles (ZONPs) on the antioxidant enzymes activity and some hematological parameter of broiler chickens during starter period (1-21d). Three hundred one-day-male broilers (Ross-308) distributed in a completely randomized design (CRD) consists of five experimental groups, four replicate and 15 chicks in each pen. Experiential diets were including: T1 (control; basal diet), T2, T3, T4 and T5, were supplementation basal diet with 30, 60, 90 or 120 mg of ZONPs/kg diet respectively. Results revealed that dietary ZONPs had decreased significantly (P<0.05) serum alkaline phosphatase (ALP), Aspartate transferase (AST), alanine transferase (ALT) and lactate dehydrogenase (LDH) enzymes activity compared with control treatment. Total antioxidant capacity (TAC) and superoxide dismutase (SOD) had significantly (P<0.05) increased, as well malonyldialdehyde (MDA) decreased (P>0.05) in birds fed diet supplemented with 60 (T3) or 90 (T4) mg of ZONPs in comparison to control and other treatments. In conclusion, current study indicated that dietary ZONPs had improved oxidant state and positive effect on the several serum enzymes activity. As well, optimum changes observed in the levels 60 (T3) or 90 (T4) mg of ZONPs/kg.
I. INTRODUCTION
INC is one of the essential trace elements that play important roles such as nutrients metabolism, component of numerous metalloenzymes and transcription factors [1] . It is well known that zinc is a part of 250-300 enzymes from all six enzyme classes [2] . Bioinformatics estimates reported that 10% of the human proteome contain zinc binding motives [3] - [4] . The Zinc was established to be essential for normal functioning of the immune system due to increase the counts of thymocytes and peripheral T cells [5] . Zinc is essential for growth, immune organs structural and function, growth and development of bone [6] . Zn enzymes are included in the synthesis and/or breaking down of carbohydrates, lipids, proteins, and nucleic acids and encompass all known classes of enzymes [7] . Zinc is a necessary part of superoxide dismutase (SOD) enzyme that plays antioxidant defense system [8] - [9] . Recently, nanotechnology and related products had rapid progress in different scientific areas; in fact this branch from science had fundamental affected on the all parts of human life, animal, environment, and industrial life [10 ] . Recently, nanoscale of material like nanosilver (as antimicrobial), nanoselenium and zinc oxide nanoparticles has interested extend attention because nano-formulation particulates exhibit novel distinguishing quality such as a size, shape, large surface area, high surface activity, high catalytic efficiency, and strong adsorbing ability [10] . It has been reported that nanoparticles of zinc oxide had increased T-lymphocyte, relative weight of thymus and bursa of broilers in 14 days [11] . Also, scientific report and study related to consume of zinc oxide nanoparticles as another sources to meet zinc requirement of broilers in diet is very scarce. Therefore, the aims of present research were to investigate the effect of different levels of Zinc oxide nanoparticles (ZONPs) on serum enzymes and hematological parameters from 1 to 21 days of broiler age.
II. MATERIALS AND METHODS
A total of three hundred 1-d-old male Ross 308 broilers (Behparvar Poultry Breeding Company, uremia, Iran) (44.2g ± 0.3), were individually wing-banded and distributed in a completely randomized design (CRD). There were 5 dietary treatments with 4 replicates of 15 chickens. The 5 treatments (T1-T5) received corn-soybean meal-based diets supplemented with 0.0, 30, 60, 90, or 120 mg/kg of ZONPs (mean size=40nm), respectively. Birds were housed in wire-floored pens (150×100×60 cm 3 ). The lighting program was 23L: 1D per day. The birds had unrestricted (ad libitum) access to feed and water throughout the feeding trial. Ingredient and composition of basal diet for starter period are given in Tables 1. The basal diets were formulated to meet or exceed [12] recommendations for total requirement of nutrients. The ZONPs was provided by the US Research Nonmaterial's, Inc. (Houston, TX 77084, USA). The product was a white powder with a measured ZONPs content of purity ≥99%. phosphate (DCP) was used as a carrier to dilute the concentration of ZONPs to a suitable level for blending the ration to achieve the desired levels for diet formulation. Zinc level in basal diet was analyzed according to method 996.16 [13] . 
A. Blood sample collection
On 21 d, four birds (one bird per replicate) were randomly selected from each treatment. Chicks were fasted for 12 h to decrease the direct effect of feeding on blood parameters. Blood samples collected from bronchial vein and serum removed by centrifuging to determine of enzymes metabolites.
B. Assay serum enzymes activity
Serum enzymes such as alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), total antioxidant capacity (TAC), malonylaldehide (MAD) and lactate dehydrogenize (LDH) were measured by using commercial kits (Randox, Pars Azmoon Co. Tehran, IRAN) and auto analyzer alcyon 300, USA.
C. Assay aspartate transferase (AST)
To determine different serum enzymes, we applied Bergmeyer and Walefeld method [14] . In mention method briefly, 1000µL of the reagent was added to 100µL of the samples, finely mixed and incubated at 37°C for 1 min. The change absorbance of the samples was measured per minute by spectrophotometerically at the wavelength of 590 nm as follows [15] : AST activity (U/L) = Absorbance of sample ÷ min) ×1768.
D. Assay alanine transferase (ALT)
Briefly, 1 ml of the samples added to 10 ml of the reagent and after finely mixing, incubated at 37°C for 1 min. The change in absorbance of the sample was measured per minute as follows [14] : ALT activity (U/L) = Absorbance of sample ÷ min) ×1768.
E. Assay alkaline phosphatase (ALP)
The value of ALP was measured by means of method that described by Bowers and Macomb [16] . For this, 0.5 ml of the reagent added to 0.05 ml (50µL) of the serum samples, finely mixed and then incubated at 37°C for 10 min. The change in the rate of absorbance of the sample was measured per minute by spectrophotometerically at wavelength of 590nm as follows: ( Absorbance of sample ÷ Absorbance standard) × Value of standard (U/L).
F. Measurement of TAC, MAD, SOD and LDH activity
The above parameters were measured by using commercial kits (Randox, Pars Azmon Co. Tehran, Iran) and Auto Analyzer Alcyon 300, USA, and the specific activity were reported as units per milliliter (IU/ml). As well, total of chemical products provided to analysis of different enzymes were obtained from Sigma Aldrich. Super oxide dismutase (SOD) was measured using a commercial kit (Ransod kit, Randox, Pars Azmon Co. Tehran, Iran. Measurement of the enzyme activity was based on the generation of superoxide radicals produced by xanthine and xanthine oxidase and reacted with INT and overall produced a red Formosan dye and then had read at 505 nm. SOD activity expressed based on IU/ml III. STATISTICAL ANALYSIS Data were analyzed according to a completely randomized design using the general linear model (GLM) procedure of SAS [17] for Windows version 9.1. Means were separated using Duncan's multiple range tests. Differences were considered to be significant if P<0.05.
IV. RESULTS AND DISCUSSION

Antioxidant state and serum enzymes
Results related to the effect of different dietary levels of ZONPs on several serum enzymes were presented in Table 2 . This data indicated that the supplementation diet with ZONPs had significantly (P<0.05) affected on the TAC value in comparison to control group. The highest (0.155 nmol/ mg of protein) and lowest (0.118 nmol/ mg of protein) value of TAC were observed in birds that fed diet consisted of 90 (T4) and 120 mg (T5) ZONPs, respectively. The concentration of MDA had significantly (P<0.05) decreased compared to control treatment. This result is disagreement in finding of Berg and Shi [18] and Walsh [19] they have reported that between MDA value and zinc oxide nanoparticles is an inverse relationship and concentration of serum enzymes such as aspartate transferase (AST) and alanine transferase (ALT). The finding current study is adverse with Fazilati [20] who reported that zinc oxide nanoparticles (25-200 mg) had significantly increased (P<0.05) activity of ALT, AST and ALP enzymes in male rats. Of course one of reason that explains these differences probably related to using doses and time of animal exposed. It's also suggested that exposure to ZONPs led to a genotoxic potential mediated by lipid per oxidation and oxidative stress [21] .
V. CONCLUSION
1) The levels of zinc oxide nanoparticles from 60 to 90 mg/kg basal diet improved antioxidant state and serum enzymes of broiler chickens.
2) The levels of 120 mg/kg diet had adversely affected on the mention parameters (not published data).
3) Zinc oxide nanoparticles, based on current study may be used as a new additive to meet zinc requirement in broiler nutrition 
